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DESCRIPTION 



DNA CONTAINING VARIANT FRT SEQUENCES 



TECHNICAL FIELD 

The present invention relates to a DNA comprising mutant FRT sequence and 
its application. More particularly, the present invention relates to a mutant FRT 
sequence which causes a specific recombination reaction with the mutant sequences 
themselves but does not cause a specific recombination reaction with a wild-type FRT 
sequence, and a method for gene replacement using the mutant FRT sequence, and a 
method of performing specific DNA recombination. 

BACKGROUND ART 

FLP recombinase encoded by yeast {Saccharomyces cerevisiae) 2 \i DNA is a 
site-specific DNA recombinase that recognizes a particular DNA sequence of 34 
nucleotides, which is referred to as FRT sequence, and performs an entire process of 
cleavage, exchanging and binding of a DNA strand betw^een two FRT sequences, and 
binding [Babineau et al., J. Biol Chem,, 260, 12313-12319 (1985)]. When two FRT 
sequences having an identical orientation exist within the same DNA molecule, a DNA 
sequence flanked by the two FRT sequences is excised by the FLP recombinase, to 
form a circular molecule (excision reaction). On the other hand, when two FRT 
sequences exist in the different DNA molecules, one of which is a circular DNA, the 
circular DNA is inserted into the other DNA molecule via the FRT sequences (insertion 
reaction). 

The insertion reaction and the excision reaction are reversible. However, when 



two FRT sequences exist within the same DNA molecule, by the insertion reaction, the 
excision reaction also takes place immediately thereafter. Therefore, the reaction 
equilibrium leans towards the side of the excision reaction. Therefore, it has been 
known that the frequency that a given DNA can be inserted into the other DNA 
molecule by the insertion reaction is very low. 

FRT sequence consists of a DNA sequence of 34 bp [Jayaram et al., Proc. Natl 
Acad. ScL 82, 5875-5879 (1985)], wherein a sequence of 8 bp flanked by two inverted 
repeats of 13 bp is referred to as a spacer region. It has been known that DNA 
recombination is carried out in the spacer region [Umlauf S.W. et al., EMBO Journal, 7, 
1845-1852 (1988); Lee J. et aUEMBO Journal, 18, 784-791, 1999J. FRT sequence 
(SEQ ID NO: 1) is shown: 

12345678 

5 '-GAAGTTCCTATAC TTTCTAGA GAATAGGAACTTC-3 ' 

spacer region 

It has been found that by changing the nucleotides of the spacer region with 
nucleotides which are different from inherent FRT sequence (wild-type FRT sequence), 
i.e. mutant FRT sequence, specific DNA recombination takes place between two mutant 
FRT sequences but no specific DNA recombination reaction takes place with the wild- 
type FRT sequence [Schlake T. et al., Biochemistry, 33. 12746-12751(1994)]. Further, 
it has also been shown that genes existing on two different DNA molecules can be 
replaced in the presence of FLP recombinase by using this mutant FRT sequence in 
cultured animal cells. In other words, it has been shown that a gene A existing between 
the mutant FRT sequence and the wild-type FRT sequence on a given DNA molecule 
can be replaced with a gene B existing between the mutant FRT sequence and the wild- 
type FRT sequence on the other DNA molecule [Schlake T. et al., Biochemistry, 33, 



3 



12746-12751 (1994); Seibler J. et aL, Biochemistry, 36, 1740-1747 (1997)]. 

A sequence (referred to as "F3," SEQ ID NO: 6) having TATTTGAA in the 
spacer region has been known as one of known mutant FRT sequences resulting from 
introduction of a mutation in the spacer region of FRT sequence (Seibler J. et al., supra). 
5 Seibler et al. conducted gene replacement on a chromosome of an animal cell using this 

mutant FRT sequence (F3) and a wild-type FRT sequence. However, the efficiency of 
gene replacement was as low as 21 to 38% even though cells in which a gene w^as 
replaced were enriched by drug selection using a drug-resistance gene before and after 
gene replacement [Seibler J. et al., Biochemistry-, 37, 6229-6234 (1998)]. It is thought 

10 that this gene replacement efficiency is further lowered if the drug selection is not 

carried out. In other words, the mutant, F3 of the prior art is an insufficient sequence 
for performing highly efficient gene replacement reaction, so that a more efficient 
mutant FRT sequence is desired. 

Also, the gene replacement efficiency using the mutant FRT sequence (referred 

15 to F5, SEQ ID NO: 7) having the spacer region, CTTGTGAA) is not sufficient in actual 

use. 



DISCLOSURE OF INVENTION 

An object of the present invention is to provide a DNA comprising a mutant 

20 FRT sequence which causes a recombination reaction between two mutant FRT 

sequences each having an identical sequence to each other but does not cause 
recombination reaction with a wild-type FRT sequence, in the presence of FLP 
recombinase. Another object of the present invention is to provide a method for 
performing highly efficient, gene insertion or gene replacement in a higher eukaryotic 

25 cell such as an animal cell by using a combination of the wild-type FRT sequence with 
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the mutant FRT sequence or a combination of mutant FRT sequences having different 
sequences in each other, and to apply to gene transfer into a plant or animal cell, 
preparation of recombinant viruses, gene manipulations in an individual of a plant or 
animal, and the like. 

5 The present inventors have succeeded in the development of a very sensitive and 

direct in vitro test method for determining the efficiency of FLP-dependent DNA 
recombination reaction, in order to search for the desired mutant FRT sequence. We 
have found a new-mutant FRT sequence which causes recombination reaction between 
two mutant FRT sequences having an identical sequence to each other, but does not 

10 cause recombination reaction with a wild-type FRT sequence, in the presence of FLP 
recombinase, by determining the efficiency of the DNA recombination reaction of the 
new mutant FRT sequence resulting from substitution of nucleotides in the spacer 
region of the FRT sequence with other nucleotides, using this testing method. 
Concretely, the present invention relates to: 

15 [1] a DNA comprising a mutant FRT sequence having a sequence resulting from 

substitution of nucleotides at middle 8-bp (spacer region) in the following wild type 

FRT sequence (SEQ ID NO: 1) derived from yeast 2 a DNA: 

12345678 

5 ' -GAAGTTCCTATAC TTTCTAGA GAATAGGAACTTC-3 ' 

spacer region 

with nucleotide sequences selected from the group consisting of the following (1) to 
(4): 

20 (1) TCTCTGGA (f2161) 

(2) TCTCCAGA(f2151) 

(3) TATCTTGA (f2262) and 

(4) TTTCTGGA (f61) 
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wherein said mutant FRT sequence is any one of SEQ ID NOs: 2 to 5; 

[2] a DNA comprising a mutant FRT sequence having the following properties (A) 

and (B): 

(A) causing no specific DNA recombination reaction with wild type FRT, even if FLP 
5 recombinase is present, and 

(B) causing specific DNA recombination reaction with another mutant FRT sequence 
having an identical sequence thereto in the presence of recombinase FLP, 

wherein the mutant FRT sequence consists of a sequence further comprising 
substitutions of at least one nucleotide in a region other than the spacer region in the 
10 mutant FRT sequence defined in the above item [IJ; 

[3] the DNA comprising the mutant FRT sequences according to the above item [1] 
or [2], wherein no specific DNA recombination reaction is caused with another mutant 
FRT sequence having a sequence different therefrom even if recombinase FLP is 
present; 

15 [4] a DNA comprising at least one wild type FRT sequence and at least one mutant 

FRT sequence defined in any one of the above items [1] to [3]; 

[5] the DNA according to the above item [4], having a desired gene at between wild 
type FRT sequence and mutant FRT sequence; 

[6] a DNA comprising at least two mutant FRT sequences having different 
20 sequences in each other defined in the above item [3]; 

[7] the DNA according to the above item [6], having a desired gene at between two 

mutant FRT sequences having different sequences in each other; 

[8] a cell which is transformed with the DNA of any one of the above items [4] to 

[7]; 

25 [9] a method for replacing a gene, characterized by reacting the following DNA (a) 
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and DNA (b) in the presence of recombinase FLP, thereby obtaining the following 
DNA (c): 

DNA (a): a DNA having a wild type FRT sequence, a gene A and a mutant FRT 
sequence of any one of items [1] to [3], in this order; 
5 DNA (b): a DNA having a wild type FRT sequence, a gene B and the same mutant FRT 

sequence as that of the above DNA (a), in this order; 

DNA (c): a DNA in which the gene A is replaced by the gene B in the above DNA (a); 
wherein each of the gene A and the gene B is any gene having a sequence different 
from each other; 

10 [10] a method lor replacing a gene, characterized by reacting the following DNA (d) 

and DNA (e) in the presence of recombinase FLP, thereby obtaining the following 
DNA (f): 

DNA (d): a DNA having two mutant FRT sequences of claim 3 having different 
sequences in each other, which are referred as mutant FRT sequence 1 and mutant FRT 
15 sequence 2, respectively, and a gene A, arranged in the order of the mutant FRT 

sequence 1, the gene A, and the mutant FRT sequence 2; 

DNA (e): a DNA having the mutant FRT sequence 1, a gene B, and the mutant FRT 
sequence 2, in this order; 

DNA (f): a DNA in which the gene A is replaced by the gene B in the above DNA (d); 
20 wherein each of the gene A and the gene B is any gene having a sequence different 
from each other; 

[11] the method according to the above item [9] or [10], characterized in that the 
gene B is not a functional gene; 

[12] the method according to the above item [9] or [10], characterized in that the 
25 gene A is not a functional gene; 
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[13] the method according to any one of the above items [9] to [12], wherein DNA 
(a) or DNA (d) is a chromosomal DNA in a cell, and DNA (b) or DNA (e) is a plasmid 
DNA or a DNA of double-stranded circular DNA virus; 

[14] the method according to any one of the above items [9] to [12], wherein DNA 
5 (a) or DNA (d) is a chromosomal DNA in a cell, and DNA (b) or DNA (e) has a 

property for forming a double-stranded circular DNA by intracellular conversion; 
[15] the method according to any one of items [9] to [12], wherein DNA (a) or DNA 
(d) is a chromosomal DNA from double-stranded DNA virus, and DNA (b) or DNA (e) 
is a plasmid DNA or a DNA of double-stranded circular DNA virus; 
10 [16] the method according to any one of the above items [9] to [12j, wherein DNA 

(a) or DNA (d) is a chromosomal DNA of double-stranded DNA virus, and DNA (b) or 
DNA (e) has a property of forming a double-stranded circular DNA by intracellular 
conversion; 

[17] the method according to the above items [15] or [16], wherein the double- 
15 stranded DNA virus is adenovirus; 

[18] a transgenic animal carrying the DNA of any one of the above items [4] to [7] 
on chromosomes; 

[19] a pharmaceutical comprising the DNA of any one of items [4] to [7]; and 

[20] a specific DNA recombination method, characterized in that a specific DNA 

20 recombination reaction is carried out in the presence of recombinase FLP, by using two 

mutant FRT sequences (SEQ ID NO: 32), each resulting from substitution of G with C 

at the 7th nucleotide of the spacer region in the following wild type FRT sequence 

(SEQ ID NO:l) derived from yeast 2^1 DNA: 

12345678 

5 ' -GAAGTTCCTATAC TTTCTAGA G AATAGGAACrrC-3 ' 

spacer region 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the structure of the synthetic DNA of wild-type FRT sequence, 
wherein (s) is the sense strand (SEQ ID NO: 12) and (a) is the antisense strand 
(SEQ ID NO: 13). 

5 Figure 2 shows the sequences of synthesized DNAs comprising a mutant FRT 

sequence, wherein underlines indicate the nucleotides substituted with those of the 
wild-type. 

Figure 3 is a schematic view showing the structure of plasmid pBxxAxx, 
wherein bold line indicates the portion derived from adenovirus, and lightfaced line 
10 indicates the portion derived from pBR322, and wherein "M" means a mutant FRT 

sequence, the arrows above the character indicate the orientation of the FRT sequence, 
Ap^ is an ampicillin-resistant gene, and ori is a replication origin of Escherichia coli. 

Figure 4 is a schematic view showing the principle of the method for 
determining FLP recombinase-dependent recombination reaction between two mutant 
15 FRTs having an identical sequence to each other, wherein bold line indicates the portion 

derived from adenovirus, and lightfaced line indicates the portion derived from pBR322. 

Figure 5 is a schematic view showing the structure of plasmid pBRFRT, 
wherein "F" means a wild-type FRT sequence, the arrow above the character indicates 
the orientation of the FRT sequence, Ap^ is an ampicillin-resistant gene, and ori is a 
20 replication origin of Escherichia coli. 

Figure 6 is a schematic view showing the structure of plasmid pBfwtAxx, 
wherein bold line indicates the portion derived from adenovirus, and lightfaced line 
indicates the portion derived from pBR322, and wherein "F" means a wild-type FRT 
sequence, the arrow above the character indicates the orientation of the FRT sequence, 
25 Ap^ is an ampicillin-resistant gene, and ori is a replication origin of Escherichia coli. 
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Figure 7 is a schematic view showing the principle of the method for 
determining FLP recombinase-dependent recombination reaction between the wild-type 
FRT sequence and the mutant FRT sequence, wherein "F'' and open box mean the wild- 
type FRT sequence, and "M" and solid box mean the mutant FRT sequence and the 
5 arrows above these characters indicate the orientation of the FRT sequences, and 

wherein bold line indicates the portion derived from adenovirus and lightfaced line 
indicates the portion derived from pBR322. 

Figure 8 is a schematic view showing a method for constructing plasmid 
pCAFNmFG, wherein wF is a wild-type FRT sequence, and mF is a mutant FRT 
10 sequence, wherein CAG is CAG promoter, GpA is globin poly (A) sequence, pA is 

poly(A) sequence of SV40, and Ad5 is a portion of human adenovirus type-5 genome. 

Figure 9 is a schematic view showing the principle of FLP recombinase- 
dependent recombination reaction between the wild-type FRT sequence and the mutant 
FRT sequence, wherein open arrows indicate FRT sequences, and solid arrows indicate 
15 restriction enzyme F^pl-sites, wherein the numerals indicate the lengths (kb) of F^pl- 
digested DNA fragments. 



BEST MODE FOR CARRYING OUT THE INVENTION 

The DNA comprising the mutant FRT sequence of the present invention is a 
20 DNA comprising a mutant FRT sequence having a sequence resulting from substitution 

of nucleotides at middle 8-bp (spacer region) in the following wild type FRT sequence 
(SEQ ID NO: 1) derived from yeast 2 \i DNA: 
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12345678 

5'-GAAGTTCCTATAC TTTCTAGA GAATAGGAACTTC-3' 

spacer region 

with nucleotide sequences selected from the group consisting of the following (1) to 
(4): 

(1) TCTCTGGA (f2161) 
5 (2) TCTCCAGA (f21 51 ) 

(3) TATCTTGA (f2262) and 

(4) TTTCTGGA (f61) 

wherein said mutant FRT sequence is any one of SEQ ID NOs: 2 to 5. Since the DNA 
of the present invention comprises a sequence selected from the group consisting of the 

10 items (1) to (4) mentioned above, there are exhibited excellent properties such that in 

the presence of FLP recombinase, a recombination reaction between two mutant FRT 
sequences each having an identical sequence to each other is caused, but no 
recombination reaction with the wild-type FRT sequence is caused. Further, by using 
the DNA of the present invention, gene replacement can be performed with an even 

15 higher efficiency of gene replacement. 

In addition, the DNA comprising a mutant FRT sequence of the present 
invention may be either an isolated DNA or synthetic DNAs. 

The term "FLP recombinase" in the present invention refers to an enzyme which 
is encoded by yeast {Saccharomyces cerevisiae) 2 \x, DNA and performs site-specific 

20 recombination reaction between two FLP recognition sequences (FRT sequences) 

[Babineau et al., 7. Biol Chem,, 260, 12313-12319 (1985)]. A region flanked by two 
FRT sequences which arc positioned in the same orientation can be excised by the FLP 
recombinase. 
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The term "FRT sequence" in the present invention refers to the DNA sequence 
.consisting of 34 bp as shown in SEQ ID NO: 1 [Jayaram et al, Proc. Natl Acad. ScL 82, 
5875-5879 (1985)]. The term "spacer region" refers to a 8-bp DNA sequence flanked 
by two inverted repeats (13 bp) in the above-mentioned FRT sequence. In the present 
5 specification, this FRT sequence consisting of 34 bp is especially referred to as a "wild- 

type FRT sequence." 

The term "mutant FRT sequence" in the present invention refers to a DNA 
sequence resulting from substitution of at least one nucleotide with another nucleotide 
in the above-mentioned wild-type FRT sequence. The term "mutant FRT sequence 

10 resulting from substitution of the spacer region" in the present invention refers to a 

DNA sequence resulting from substitution of at least one nucleotide with another 
nucleotide in the 8-bp spacer region of the wild-type FRT sequence. 

The DNA comprising a mutant FRT sequence of the present invention is a DNA 
comprising a mutant FRT sequence which causes the recombination reaction between 

15 two mutant FRT sequences having an identical sequence to each other, but does not 

cause FLP-dependent DNA recombination reaction with the wild-type FRT sequence, 
among the above-mentioned mutant FRT sequences. Therefore, the mutant FRT 
sequence of the present invention also encompasses mutant FRT sequences resulting 
from further substitutions of not only nucleotides of the spacer regions but also 

20 nucleotides of their inverted repeat sequences, as long as they satisfy the above- 

mentioned properties. 

Concretely, the DNA comprising a mutant FRT sequence of the present 
invention may also encompass a DNA comprising a mutant FRT sequence possessing 
the following properties (A) and (B): 

25 (A) causing no specific DNA recombination reaction with wild type FRT, even if FLP 
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recombinase is present, and 

(B) causing specific DNA recombination reaction with another mutant FRT sequence 
having an identical sequence thereto in the presence of recombinase FLP, 
wherein the mutant FRT sequence consists of a sequence further comprising 
5 substitutions of at least one nucleotide in a region other than the spacer region in the 

mutant FRT sequence. 

The DNA encompasses a DNA comprising a mutant FRT sequence possessing a 
property of causing no specific DNA recombination reaction with the another mutant 
FRT sequence having a different sequence therefrom even if FLP recombinase is 
10 present. 

In addition, in the present specification, a DNA consisting of a mutant FRT 
sequence resulting from deletion or insertion of nucleotides in a region other than the 
spacer region in the mutant FRT sequence is encompassed by the present invention, as 
long as the DNA comprises a sequence possessing the properties (A) and (B) mentioned 
15 above. 

Also, in the present specification, the terms "wild-type FRT sequence" and 
"mutant FRT sequence" may be collectively simply referred to as "FRT sequence" in 
some cases. 

In the present specification, the phrase "specific DNA recombination reaction in 
20 the presence of FLP recombinase" and the phrase "FLP-dependent DNA recombination 
reaction" have the same meanings, referring to an entire reaction process of cleavage of 
DNA strands, exchanging and binding of DNA strands occurring between DNAs 
comprising two FRT sequences, under the conditions of the presence of FLP 
recombinase. 

25 The DNA comprising a mutant FRT sequences of the present invention includes, 
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but not being particularly limited thereto, for example, a DNA comprising at least one 
wild-type FRT sequence and at least one of the above-mentioned mutant FRT 
sequences, and a DNA comprising at least two of the above-mentioned mutant FRT 
sequences having a different sequence in each other, 
5 Using this DNA, a DNA having a desired gene between the two FRT sequences, 

namely between the FRT sequence and the FRT sequence can be prepared to use for the 
method for gene replacement. Such a DNA is also encompassed by the present 
invention. Concrete examples thereof include a DNA having a desired gene between 
the w^ild-iype FRT sequence and the mutant FRT sequence, a DNA having a desired 

10 gene between the two mutant FRT sequences having a different sequence in each other. 

The above-mentioned term "desired gene" may be, but not particularly limited 
to, a gene encoding protein, structural genes such as promoters or poly(A) sequences, 
and genes not having a function such as linkers. 

In the present specification, the term "gene replacement" refers to substitution of 

15 genes each existing on two different DNA molecules. The technical idea of the method 

of performing gene replacement using a wild-type FRT sequence and a mutant FRT 
sequence in the presence of FLP recombinase is disclosed in a known literature 
[Schlake T. et al., Biochemistry, 33, 12746-12751 (1994)]. 

The efficiency of the DNA recombination reaction in the method for gene 

20 replacement using of the DNA comprising the mutant FRT sequence of the present 
invention can be determined by a very sensitive and direct in vitro method for 
determining an efficiency of FLP-dependent DNA recombination reaction developed by 
the present inventors. 

In summary, this determination method comprises reacting a substrate DNA 

25 resulting from insertion of two FRT sequences into a DNA of an appropriate length, for 
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a defined time in the presence of FLP recombinase; digesting the resulting DNA with 
appropriate restriction enzNines; and determining a reaction efficiency from the sizes of 
DNA bands separated by electrophoresis. The efficiency of DNA recombination 
reaction can be quantitatively determined since the amount of the substrate DNA bands 
5 before the reaction can be directly compared with the amount of the DNA bands 
generated by the recombination reaction. The present inventors have already 
established a method for determining an efficiency of Cre-dependent DNA 
recombination reaction under the same principle, wherein Cre is another recombinase 
derived from PI phage [Lee, G. et al.. Gene 14, 55-65 (1998)]. This determination 

10 method will be described in detail below. 

First, DNAs having a wild-type FRT sequence and a mutant FRT sequence 
resulting from substitution of nucleotide in its spacer region with another nucleotide is 
synthesized. The method for synthesizing the DNA includes, but not being particularly 
limited to, PGR method, site-directed mutagenesis and the like. It is desired to use the 

15 DNA in the form of a double-stranded DNA prepared by chemically synthesizing 

complementary single-stranded DNAs using a DNA synthesizer or the like, and 
thereafter annealing the complementary DNAs. The DNA having FRT sequences is not 
particularly limited, as long as it contains FRT sequence of 34-bp. It is desired that the 
DNA contains a recognition sequence for restriction enzymes in addition to the FRT 

20 sequence. 

Next, the above-mentioned DNA having a wild-type or mutant FRT sequence is 
ligated to both ends of a DNA fragment of an appropriate length, for instance, a 
linearized DNA fragment resulting from digestion with restriction enzymes of plasmid 
pBR322, to prepare a linear DNA fragment having two wild-type FRT sequences, or 
25 two mutant FRT sequences each having an identical sequence in each other at both ends. 
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Next, a plasmid in which this DNA fragment is ligated to a DNA fragment of an 
appropriate length, for instance, an adenovirus-derived DNA fragment, is constructed, 
and the plasmid is then digested with a restriction enzyme, to prepare a linear substrate 
DNA. Alternatively, in accordance with the same method, a linear substrate DNA 
5 having a wild-type FRT sequence and a mutant FRT sequence is prepared from a 
plasmid carrying one wild-type FRT sequence. 

The method for preparing an enzyme solution containing FLP recombinase is 
not particularly limited, and can be prepared from yeast, Escherichia coli, cultured cells 
or the like which is engineered to express FLP recombinase. It is preferable to use an 

10 extract of cultured cells which have been infected with a recombinant adenovirus 

capable of expressing FLP recombinase. This is because cells infected with the 
recombinant adenovirus express the desired protein at a high level. 

The above-mentioned substrate DNA is allowed to react with the enzyme 
solution containing FLP recombinase for a given period of time, and the reaction 

15 mixture is then digested with an appropriate restriction enzyme. The resulting DNA 

bands are analyzed by electrophoresis on agarose gel. In this determination method, the 
efficiency of recombination betwxen tw^o mutant FRT sequences having an identical 
sequence to each other or between the wild-type FRT sequence and the mutant FRT 
sequence can be determined quantitatively at high sensitivity, because the amounts of 

20 non-reacted substrate DNA, DNA generated by recombination, and intermediate DNA 

of the recombination can be directly compared to each other. 

The present inventors have hypothesized that the combination of mutations at 
2nd nucleotide and from 5th to7th nucleotides of the spacer region of FRT sequence is 
particularly important, and proposed the 5 mutant FRT sequences: f2161 

25 (SEQ ID NO: 2), f2151 (SEQ ID NO: 3), f2262 (SEQ ID NO: 4), f2272 
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(SEQ ID NO: 8), and f2373 (SEQ ID NO: 9). Further, we have also proposed f61 
mutant FRT sequence (SEQ ID NO: 5) resuhing from substitution only one nucleotide, 
for the sake of comparison with those resulting from substitution of two nucleotides. 

Next, regarding the above-mentioned 6 kinds of the mutant FRT sequences, the 

5 efficiency of the recombination reaction between two mutant FRT sequences having an 
identical sequence to each other has been determined by using the above-mentioned 
determination system. For the sake of comparison, F3, which is a mutant FRT 
sequence in the prior art, and two types of mutant FRT sequences resulting from 
substitution of one nucleotide (see Figure 2) are similarly determined. 

10 The recombination efficiency in the mutant FRT sequence having F3 sequence 

of the prior art was about 65% that of the wild-type FRT sequence, showing an 
inadequate level of recombination efficiency. On the other hand, the mutant FRT 
sequences f2161 and f2262 of the present invention showed higher recombination 
efficiencies than that of F3, and each of those of f2151 and f61 showed substantially the 

15 same or slightly lower level of recombination efficiency which was still sufficiently 
usable for practical purposes. Concretely, each of these mutant FRT sequences of 
12161, f2262, f2151 and f6 are mutant FRT sequences which can achieve the object of 
the present invention. Alternatively, f 72 (SEQ ID NO: 32), of which sequence has 
been already known, showed unexpected results such that the recombination efficiency 

20 was twice or more than that of the wild-type FRT sequence. In other words, f72 can be 
used as a substrate for FLP-dependent DNA recombination reaction which has a higher 
efficiency than that of the wild-type FRT sequence. 

Further, as a desired mutant FRT sequence, a mutant FRT sequence which 
causes specific recombination reaction with mutant FRT sequences themselves but does 

25 not cause any specific recombination reaction with a wild-type FRT sequence can be 
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selected by determining the efficiency of the recombination between the wild-type FRT 
sequence and the mutant FRT sequence in the same manner. 

By the use of the DNA comprising a mutant FRT sequence of present invention, 
a method for gene replacement having excellent efficiency in gene replacement can be 
performed. The method for gene replacement is also encompassed in the scope of the 
present invention. 

The method for performing a gene replacement of present invention includes a 
method for performing a gene replacement (hereinafter referred to as "gene replacement 
method 1" in some cases) characterized by reacting the following DNA (a) and DNA 
(b) in the presence of recombinase FLP, thereby obtaining the following DNA (c): 
DNA (a): a DNA having a wild type FRT sequence, a gene A and a mutant FRT 

sequence of the present invention, in this order; 
DNA (b): a DNA having a wild type FRT sequence, a gene B and the same mutant 

FRT sequence as that of the above DNA (a), in this order; 
DNA (c): a DNA in which the gene A is replaced by the gene B in the above DNA 

(a); and 

a method for performing a gene replacement (hereinafter referred to as "gene 
replacement method 2", characterized by reacting the following DNA (d) and DNA (e) 
in the presence of recombinase FLP, thereby obtaining the following DNA (f): 
DNA (d): a DNA having two mutant FRT sequences having different sequences in 
each other, which are referred as mutant FRT sequence 1 and mutant 
FRT sequence 2, respectively, and a gene A, arranged in the order of the 
mutant FRT sequence 1, the gene A, and the mutant FRT sequence 2; 
DNA (e): a DNA having the mutant FRT sequence 1, a gene B, and the mutant 
FRT sequence 2, in this order; 
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DNA (f): a DNA in which the gene A is replaced by the gene B in the above DNA 
(d). 

Here, the gene A and the gene B are any genes each having a sequence different from 
each other. Each of the gene A and the gene B may not be a functional gene. 
5 In the present specification, the phrase "not (be) a functional gene" means that 

the gene is a DNA sequence which does not possess any known function or regulatory 
function of a structural gene. Exemplification of the gene includes linkers and the like. 

As concrete examples for the method for gene replacement of the present 
invention, the gene replacement method 1 (method using a wild-type FRT sequence and 

10 a mutant FRT sequence) will be explained. The same can be said for the gene 

replacement method 2 (method using of a mutant FRT sequence 1 and a mutant FRT 
sequence 2). In addition, an embodiment where genes on a chromosome of an animal 
cell are replaced will be explained. However, this method is not limited to gene on a 
chromosome of an animal cell, and can also be applied to the genomes of animal 

15 viruses, chromosome of plant cells, yeast, microorganisms such as bacteria; 

bacteriophage and the like. 

First, a wild-type FRT sequence and a mutant FRT sequence are previously 
inserted into chromosome of an animal cell. A given gene A may exist between the 
wild-type FRT sequence and the mutant FRT sequence. In this case, gene replacement 

20 will be performed. On the other hand, when the gene A does not exist, gene insertion 

will be performed. 

On the other hand, a gene B to be introduced is previously inserted between the 
two FRT sequences in a circular DNA molecule resulting from insertion of a wild-type 
FRT sequence and a mutant FRT sequence (referred to as "wild-type FRT 
25 sequence/gene B/mutant FRT sequence"). 



19 

The "circular DNA molecule" may be, for instance, either a molecule which 
originally has a circular form, such as plasmid DNA or double-stranded circular DNA 
virus, or a molecule which will have a double-stranded circular DNA form after the 
molecule is transferred into a cell according to a conventional method and then 
converted in the cell. 

The above-mentioned circular DNA molecule containing the wild-type FRT 
sequence/gene B/mutant FRT sequence is transferred into the above-described cell by 
any known methods, and FLP recombinase is at the same time expressed in the cell by 
known method, whereby the gene B in the circular DNA molecule is inserted between 
the wild-type FRT sequence and the mutant FRT sequence on the chromosome of the 
cell. During this process, when the gene A exists between the two FRT sequences on 
the chromosome of the cell, gene replacement is performed, resulting from removal of 
the gene A and insertion of the gene B. When no gene exists between the two FRT 
sequences on the chromosome, gene insertion is performed. Further, when no gene 
exists between the two FRT sequences in the circular DNA, the gene A on the 
chromosome can be removed (gene deletion). Moreover, since two FRT sequences 
exist on the chromosome even after the removal the gene A, a gene can be again 
transferred between the two FRT sequences on the chromosome by using another 
circular DNA molecule having a given gene C between the two FRT sequences. The 
above-mentioned gene insertion and gene deletion are also encompassed within the 
scope of the method for gene substitution of the present invention. 

As to a method for transferring a DNA molecule into a cell, a method which is 
generally employed can be used. Examples thereof include physicochemical methods 
such as electroporation method, calcium phosphate co-precipitation method, DEAE- 
dextran method, lipofection method, those using a gene gun or the like; and biological 
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methods such as those using circular DNA virus; and the like. 

The circular DNA virus depends upon the kinds of cells used, and the virus 
includes, for instance, papilloma virus, SV40 and the like. 

An example of a method for forming a circular DNA molecule after its transfer 
5 into a cell includes those using recombinases. The recombinase includes Cre 

recombinase derived from bacteriophage PI [Sternberg et al., J. Mol Biol 150, 467- 
486 (1981)], R recombinase derived from pSRl plasmid of Zygosaccharomyces rouxii 
[Matsuzaki et al., Mol Cell Biol 8, 955-962 (1988)], FLP recombinase, and the like. 

When two FRT sequences are previously inserted into the chromosome of the 
10 cell, a cell may be transformed by using, for instance, a plasmid DNA in which two 
FRT sequences exist. 

As the method for transferring a gene in transformation, there is included the 
above-mentioned physicochemical methods. Further, there may be used a virus 
possessing a property of inserting a viral genome, such as retrovirus, adeno-associated 
15 virus or HIV, into the chromosome of a cell. 

The method for expressing FLP recombinase in an animal cell includes a 
method comprising transferring DNA or RNA having recombinase FLP gene into a cell, 
and thereafter expressing the recombinase FLP in the cell (recombinase FLP gene- 
introducing method); a method comprising introducing FLP recombinase protein per se 
20 into a cell (recombinase FLP protein-introducing method); and the like. 

Examples of the recombinase FLP gene-introducing method include a method 
comprising transferring DNA or RNA having FLP gene into a cell, by means of the 
above-mentioned physiochemical methods; or a method using a viral vector. The viral 
vector includes adenovirus, vaccinia virus, herpes virus, EB virus and the like, and 
25 adenovirus is preferable from the viewpoint of a high gene transfer efficiency. 
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Advantages of the method for gene replacement on a chromosome of the cell 
using the DNA comprising a mutant FRT sequence of the present invention are such 
that its efficiency is high, and that a gene can be inserted in a specified site of 
chromosome. The gene transfer to a specified site of the chromosome is particularly 
5 important in order to obtain transformed cells. 

The reasons therefor are as follows. An insertion site of a desired gene on a 
chromosome is random in a usual transformation method using DNA (method other 
than homologous recombination) or a conventional method using a viral vector such as 
retrovirus or adeno-associated virus, so that there are great differences in the expression 

10 level of the desired gene and its stability on the chromosome depending on the insertion 

site. Therefore, a very large number of cell lines are required to be screened in order to 
obtain a transformed cell line capable of expressing the desired gene stably (for a long 
period of time) and at a high level. Moreover, there is required a complicated procedure 
such that this screening must be repeated for each gene, i.e., for each transformation. 

15 On the other hand, according to the method for gene replacement of the present 

invention, once a stable cell line capable of expressing the gene at a high level is 
obtained using expression of a given gene flanked by two FRT sequences as an index, a 
stable cell line capable of expressing the desired gene at a high level can easily be 
obtained even when any given gene is transferred. Moreover, since its efficiency is 

20 very high, the desired cell line can be obtained in a short period of time simply by 

cloning manipulation of the cell without necessitating procedures of drug selection 
which are usually required. The cell line subjected to transfer is not particularly limited, 
and it is particularly effective in the transformation of ES cell or the like used for 
preparing a transgenic animal. 

25 Cells transformed by the above-mentioned DNA comprising a mutant FRT 
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sequence are also encompassed within the scope of the present invention. 

The method for gene replacement of the present invention can be applied not 
only to cultured cells but also to animal individuals. A method for expressing a 
particular foreign gene in an animal individual includes a technique for a transgenic 
5 animal. However, in order to prepare a transgenic animal by a usual method, there are 

necessitated complicated procedures in which a large number of transgenic animals is 
obtained for the first time by firstly preparing ES cell or the like capable of expressing a 
desired gene, thereafter developing the ES cell or the like in the abdomen of a foster 
mother, screening the progenies using the expression of the desired gene as an index, 
10 and cross-breeding animal individuals expressing the desired gene. Therefore, there 

arise a defect that it takes a very long period of time for the preparation of a transgenic 
animal expressing the desired gene. Usually, these manipulations require from a half 
year to one year. 

When the method for gene replacement of the present invention is employed, 
15 the preparation of a transgenic animal for individual genes are not necessitated, once a 

transgenic animal for gene transfer is prepared. The term "transgenic animal for gene 
transfer" refers to an animal resulting from insertion of the mutant FRT sequence and 
the wild-type FRT sequence on a chromosome. The preparation of the transgenic 
animal is performed in the same manner as any conventional method for preparing a 
20 transgenic animal. In addition, drug-resistance gene such as neomycin-resistance gene 

may be inserted between the two FRT sequences for selection by the drugs. By 
transferring DNA (a), which is DNA resulting from insertion of a desired gene between 
a wild-type FRT sequence and a mutant FRT sequence, namely a circular DNA having 
sequences in the order of the wild-type FRT sequence, the gene A and the above- 
25 mentioned mutant FRT sequence, and FLP recombinase into the animal for gene 
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transfer, the desired gene is inserted into the chromosome of the tissue or cell resulting 
from transfer of both of the DNA (a) and FLP recombinase, whereby the gene thereof 
can be expressed. The transfer of DNA (a) and FLP recombinase into an individual 
animal can be sufficiently performed by a known method such as liposome method, a 
5 known method using a viral vector, or genetic gun, and the like. 

When the method of the present invention is used, DNA (a) depending upon the 
genes may be used even w^hen different genes are introduced, so that the preparation of 
the transgenic animal which requires a very long period of time is not needed. The 
present invention also encompasses a transgenic animal having a DNA comprising the 

10 above-mentioned mutant FRT sequence on the chromosome. Since the transgenic 

animal of the present invention carries the above-mentioned DNA comprising the 
mutant FRT sequence of the present invention on the chromosome, the transgenic 
animal has an excellent property in that the transgenic animal can be widely used for 
transfer of various genes. 

15 Further, a desired gene can be inserted only into a desired organ or tissue, 

simply by locally transferring both of DNA (a) and FLP recombinase. 

The method for gene replacement of the present invention can also be used for 
the preparation of a recombinant virus. Viruses include DNA viruses, and the DNA 
viruses include adenovirus; herpes viruses such as herpes simplex virus, EB virus and 

20 cytomegalovirus; vaccinia virus; poxviruses such as Canary-poxviruse; baculoviruses 

for insect; and the like. Alternatively, viruses include RNA viruses which are especially 
preferable for the preparation of retroviruses. 

When the retrovirus vector is prepared, a high-titer virus-producing cell is 
selected for each retrovirus vector that produces each gene. According to the method 

25 for gene replacement of the present invention, it can be thought that once a high-titer 
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virus-producing cell line expressing a marker gene is established, the marker gene on 
the chromosome of the cell line is replaced with a desired gene, whereby a high-titer 
cell line can be easily obtained. 

A concrete method for preparation of recombinant virus according to the 
5 method for gene replacement of present invention will be explained by taking the 

preparation of recombinant adenovirus as an example. The method for preparing 
recombinant adenovirus in the prior art is a method comprising transforming a cell such 
as 293 cell with a plasmid vector or cosmid vector resulting from insertion of an 
adenovirus genome and a desired gene, cloning the recombinant virus generated by 

10 homologous recombination, and thereafter screening and proliferating the desired virus. 

This method requires a long period of time of labor. 

According to the preparation of the recombinant virus by the method for gene 
replacement of the present invention, a desired recombinant virus can be prepared in a 
shorter period of time because the method does not involve homologous recombination 

15 which has lower efficiency. Concretely, a recombinant virus resulting from insertion of 

a desired gene between the mutant FRT sequence and the wild-type FRT sequence can 
be obtained at a high frequency by firstly preparing adenovirus for gene transfer 
resulting from insertion of the mutant FRT sequence and the wild-type FRT sequence, 
thereafter infecting this virus with a cell appropriate for preparing recombinant 

20 adenovirus, such as 293 cell, and at the same time transferring plasmid DNA resulting 

from insertion of a desired gene between the wild-type FRT sequence and the mutant 
FRT sequence into the cell, and expressing FLP recombinase. In this case, it is desired 
that the adenovirus for gene transfer is prepared such that a packaging signal flanked by 
the FRT sequences is removed by FLP-dependent recombination, so that a desired virus 

25 can be selectively obtained by adding and substituting a packaging signal as well as a 



25 



desired gene from the plasmid DNA. FLP recombinase may be transferred in a form of 
plasmid DNA, or a cell may be previously transformed so as to express FLP 
recombinase. 

Examples of transformed cells expressing FLP recombinase include those cells 
5 capable of constitutively expressing FLP recombinase or those cells capable of inducing 

expression of FLP recombinase under given conditions. Examples of the latter include 
cells capable of inducing expression of FLP recombinase in the presence or absence of 
a drug; and those capable of inducing expression of FLP recombinase by allowing 
recombinase to act on cells resulting from insertion of a recognition sequence for 
10 recombinase-stuffer DNA-a recognition sequence for recombinase between its promoter 

and FLP gene. 

Examples of recombinase and a recognition sequence thereof include Cre 
recombinase derived from PI phage and loxP sequence. The method for allowing 
recombinase to act on a cell includes a method for gene transfer using plasmid DNA, 
15 liposome or the like; or a method for introducing a recombinase protein per se; and a 
method using a viral vector such as adenovirus vector. The method using adenovirus 
vector is desirable. 

An embodiment where a recombinant adenovirus resulting from replacement of 
a foreign gene A with a foreign gene B is prepared will be described. An example of 

20 the structure of the recombinant adenovirus for gene transfer includes adenovirus 

resulting from insertion of FRT sequences in the order of adenovirus left inverted 
terminal repeat (ITR), a wild-type FRT sequence, a packaging signal, a wild-type FRT 
sequence, a gene A and a mutant FRT sequence. Here, a DNA fragment of the wild- 
type FRT sequence/the gene A is inserted into an El -deletion site. 

25 An example of plasmid DNA for inserting a foreign gene B includes a plasmid 
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having a structure of a wild-type FRT sequence, a packaging signal, a gene B and a 
mutant FRT sequence. When the adenovirus for gene transfer and the plasmid DNA for 
inserting foreign gene B are simultaneously or sequentially transferred into a cell such 
as 293 cell so as to express FLP recombinase, the packaging signal flanked by the two 
5 wild-type FRT sequences in the adenovirus for gene transfer is removed, and a 

recombinant adenovirus resulting from replacement of a portion of a wild-type FRT 
sequence, a gene A and a mutant FRT sequence of the adenovirus with [wild-type FRT 
sequence/packaging signal/gene B/mutant FRT sequence] derived from the plasmid is 
generated. Since the packaging signal is removed by usual "excision reaction" between 

10 the two wild-type FRT sequences having high reaction efficiencies, from the adenovirus 

for transfer gene in which no gene substitution takes place, its viral DNA per se 
replicates, but the viral DNA is not packaged in virions and the adenovirus does not 
replicate as virus. On the other hand, since gene-replaced adenovirus carries a 
packaging signal, and can replicate as virus, the recombinant adenovirus resulting from 

15 replacement with "gene B" is obtained at a high frequency. 

The insertion position of the mutant FRT sequence of the adenovirus for gene 
transfer may be at a flanking site of a foreign gene A, or a site apart from the gene A on 
the adenovirus genome. Examples of the insertion position of the latter include the 
non-translation region between L3 gene and E2A gene, E3 gene-deletion site, a portion 

20 between the upstream region of E4 gene and the right ITR, and the like. When the 

mutant FRT sequence is inserted at any of these positions to perform gene replacement, 
the size of the DNA between the wild-type FRT sequence and mutant FRT sequence of 
the plasmid for inserting a desired gene needs to be adjusted so that the generated 
adenovirus DNA is efficiently packaged in virions. It can be thought, however, that 

25 since the gene-replaced recombinant adenovirus is deficient of a gene essential for virus 
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replication, when the recombinant adenovirus is used as a vector for gene therapy, side 
effects w^hich have been problematic in the present adenovirus vector can be alleviated. 

The above-mentioned method will be more concretely described in further detail. 
First, cells expressing adenovirus EIA gene suitable for the proliferation of replication- 
5 deficient adenovirus resulting in deletion of El gene, such as 293 cells, are transformed 

with DNA having a structure of [promoter/loxP sequence/drug-resistance gene/poly(A) 
sequence, loxP sequence/FLP gene/poly (A) sequence], to give cell lines expressing PL? 
in a Cre recombinase-dependent manner (Cre-dependent FLP expressing cell). Here, 
the drug-resistance gene is required for screening of transformed cell lines, and 

10 examples thereof include neomycin-resistance gene, hygromycin-resistant gene and the 

like. In addition, the promoter is not particularly limited as long as it functions in 
mammal cells and examples thereof include CAG promoter (Japanese Patent Laid-Open 
No. Hei 3-168087), EF-la promoter [Gene, 91, 217-223 (1991)], SRa promoter 
[Molecular and Cellular Biology, 8, 466-472 (1991)], and the like. Further, a nuclear 

15 localization signal sequence may be ligated to the 3 '-end or 5 '-end of recombinase FLP 
gene. 

The recombinant adenovirus for gene transfer also serve as a function of 
expressing FLP by feeding Cre recombinase to Cre-dependent FLP-expressing cells. 
The recombinant adenovirus for gene transfer has insertion of wild-type FRT sequence 

20 between a left ITR and a packaging signal; insertion of a wild-type FRT sequence and a 
Cre recombinase- expressing unit (containing a promoter and poly(A) sequence) in this 
order at its El-deletion site; and insertion of a mutant FRT sequence to any of the non- 
translation region between L3 gene and E2A gene, E3 gene-deletion site, or a portion 
between the upstream region of E4 gene and a right ITR. In the following example, an 

25 embodiment in which a mutant FRT sequence is inserted between the upstream region 
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of E4 gene and the right ITR will be described. The insertion site of the wild-type FRT 
sequence between the left ITR and the packaging signal is not particularly limited, and 
it is preferable to insert at positions 143 to 148 of the nucleotide sequence for human 
adenovirus type-5. The promoter is not particularly limited, as long as the promoter 
5 functions in mammal cells, and examples thereof include the above-mentioned CAG 

promoter, EF-la promoter, SRa promoter and the like. Further, it is preferable that a 
nuclear localization signal sequence is ligated to the 5 '-end or 3 '-end of Cre 
recombinase gene sequence. The reasons therefor are such that Cre recombinase 
synthesized in cytoplasm is required to be transported into the nucleus to act effectively 

10 on DNA having loxP sequence, which is a recognition sequence for Cre recombinase, 

and the nuclear localization signal sequence accelerates the transport [Daniel Kalderon 
et al.. Cell 39, 499-509(1984)]. Cre gene having the nuclear localization signal 
sequence can be obtained from plasmid pSRNCre [Kanegae, Y et al., Nucleic Acad 
Res., 23, 3816-3821 (1995)] or the like. 

15 An example of the plasmid for inserting a foreign gene includes a plasmid 

having a structure of [wild-type FRT sequence/packaging signal/expression unit of gene 
B/mutant FRT sequence]. Here, the DNA sequence between the wild-type FRT 
sequence and the packaging signal is not particularly limited. It is preferable to carry a 
DNA sequence which is identical to the recombinant adenovirus for gene transfer. 

20 When the above-mentioned Cre-dependent FLP-expressing cells are infected 

with a recombinant adenovirus for gene transfer and transformed with plasmid for 
inserting a foreign gene, first, the drug resistance gene and poly(A) sequence between 
the two loxP sequences in the Cre-dependent FLP-expressing cells are removed by Cre 
protein expressed by the recombinant adenovirus for gene transfer, thereby expressing 

25 FLP recombinase. Next, the packaging signal flanked by the two wild-type FRT 
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sequences in the Cre-expressing recombinant adenovirus for gene transfer is removed 
by the action of FLP recombinase, and the Cre-expression unit and the major portion of 
the adenovirus genome (LI gene to L5 gene) between the wild-type FRT sequence and 
the mutant FRT sequence in the adenovirus for gene transfer are replaced with the 

5 [wild-type FRT sequence/packaging signal/expression unit of gene B/mutant FRT 

sequence] in a plasmid for inserting a foreign gene. Therefore, the adenovirus 
generated by gene replacement has a structure of [left ITR/FRT sequence/packaging 
signal/expression unit of gene B/mutant FRT/right ITR], which is deficient in a major 
portion of adenovirus genome, so that the adenovirus cannot be proliferated by this 

10 virus alone. On the other hand, since the packaging signal is removed from the 

recombinant adenovirus for gene transfer in which no gene replacement takes place, its 
genomic DNA replicates to produce proteins essential for the proliferation of the 
adenovirus; however, its genome per se is not be packaged in infectious virions, so that 
the virus per se does not proliferate but acts as helper virus. As a result, in the 

15 adenovirus generated by gene replacement, its genomic DNA replicates by adenovirus 
protein produced by this helper virus, and the adenovirus selectively proliferates as 
virus packaged in infectious virions because the adenovirus carries a normal packaging 
signal. Therefore, it is expected that a majority of the recombinant adenovirus 
generated by the series of reactions is the desired adenovirus in which a gene 

20 replacement has occurred and in which a majority of the adenovirus genome is deleted. 

Further, there is provided a specific DNA recombination method, comprising 
carrying out a specific DNA recombination reaction in the presence of recombinase 
FLP, by using two mutant FRT sequences (SEQ ID NO: 32), each resulting from 
substitution of G with C at the 7th nucleotide of the spacer region in the following wild 

25 type FRT sequence (SEQ ID NO:l) derived from yeast 2\k DNA: 
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5'-GAAGrrCCTATAC TTTCTAGA GAATAGGAACTTC-3' 

spacer region 

The DNA comprising a mutant FRT sequence of the present invention can be 
used for gene therapy as pharmaceuticals. Since the pharmaceutical of the present 
invention comprises the DNA of the present invention, it has an excellent property in 
that genes can be efficiently inserted into and removed from chromosome. Applications 

5 of the pharmaceutical of the present invention to gene therapy will be described below. 

First, a mutant FRT sequence and a wild-type FRT sequence are previously 
inserted into chromosome of human cells. Therefore, the DNA having the mutant FRT 
sequence and the wild-type FRT sequence is used as a pharmaceutical. The DNA may 
be administered in a form containing the DNA within viral vectors such as retrovirus or 

10 adeno-associated virus (AAV). Among them, in gene transfer by retrovirus, genes are 
randomly inserted in a chromosome. Therefore, AAV is preferably used, in the view 
point where there is a high probability that the genes are inserted at a particular site in a 
chromosome (AAV-Sl region on 19th chromosome) by AAV. Although a viral gene 
(Rep) encoded by AAV is essential for this site-specific gene transfer in a chromosome, 

15 a presently used AAV vector lacks in the specific incorporation mechanism into 

chromosome because a majority of the AAV gene is removed from these vectors. 
However, since the combined length of the mutant FRT sequence and the wild-type 
FRT sequence is as short as 100 bp or less, viruses resulting from insertion of two FRT 
sequences with having a whole viral gene of AAV can be prepared. It is desired that its 

20 insertion position is just inside of each of the inverted terminal repeats (ITRs) located at 
the both ends of AAV gene. The AAV resulting from insertion of the two FRT 
sequences is administered to human, whereby the two FRT sequences can be inserted 
into the chromosome. 
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Next, a pharmaceutical comprising a circular DNA resulting from insertion of a 
desired gene between the wild-type FRT sequence and the mutant FRT sequence, and 
recombinase FLP protein or DNA encoding FLP gene are administered to a subject, 
thereby removing the AAV gene flanked by two FRT sequences existing in a 
5 chromosome, to be replaced with the desired gene. 

The pharmaceutical of the present invention may properly comprise any 
component for keeping an effective ingredient DNA molecule in a stable state, for 
instance, buffer component, degradation-protecting agent (for instance, nuclease 
inhibitor or the like). In addition, the pharmaceutical of the present invention may 

10 further comprise any drug suitable for introduction into a cell and/or a tissue. 

The method for introducing a circular DNA molecule as a pharmaceutical and 
FLP recombinase or DNA molecule encoding FLP gene into a human cell includes a 
method using a known vector which has been used in gene therapy such as a viral 
vector or liposome vector. 

15 When the pharmaceutical of the present invention is used in gene therapy, a 

method of administration to a patient includes in vivo method comprising directly 
introducing the pharmaceutical into the body, or ex vivo method comprising collecting a 
certain kind of cells from a human, transferring DNA into the collected cells 
extracorporeally, and reintroducing the gene-incorporated cells into the body [Nikkei 

20 Science, April, 1994, 20-54, Gekkan Yakuji, 36(1), 23-48, 1994, Experimental Medicine, 

Separate Volume, 12(15), 1994, Nihon Idenshi Chiryogakkai Hen Idenshi Chiryo 
Kaihatsu Kenkyu Handobukku (Japan Gene Therapy Association, eds.. Gene Therapy 
Development and Research Handbook), NTS, 1999]. 

In the case of administration by in vivo method, the pharmaceutical of the 

25 present invention can be administered intravenously, intraarterially, subcutaneously. 
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intracutaneously or intramuscularly, or administered directly to the subject tissue. 

Concretely, for instance, detailed descriptions of the method for preparation of 
vectors and the administration method have been given in experimental guidebooks 
{Experimental Medicine, Separate Volume, Standard Techniques of Gene Therapy, 
5 Yodosha, 1996; Experimental Medicine, Separate Volume, Gene Transfer & Expression 

Assay, Yodosha, 1997; Japan Gene Therapy Association eds., Gene Therapy 
Development and Research Handbook, NTS, 1999). 

In the human cells resulting from insertion of a gene in its chromosome, the 
mutant FRT sequence and the wild-type FRT sequence exist on both sides of the desired 

1 0 gene, and only ITR of AAV, not the structural gene of AAV, exists on the outside thereof. 

Therefore, expression of the desired gene can be expected to persist stably for a long 
period of time without expressing AAV-derived protein and serving as an antigen. Also, 
when the inserted gene is no longer necessary, a circular DNA molecule in which no 
gene exists between the wild-type FRT sequence and the mutant FRT sequence is 

15 administered, whereby the inserted gene can be removed from the chromosome. 

Further, when the insertion of a gene into the chromosome is again necessary, since the 
two FRT sequences still remain on a chromosome, a given gene can be inserted by the 
method described above. As described above, the DNA having mutant FRT sequence 
of the present invention can be used as a pharmaceutical in gene therapy by which a 

20 desired gene can be freely inserted in and removed from chromosome. 

Alternatively, the range of application of the method for gene replacement can 
be broadened by using three or more FRT sequences of which substrate specificity is 
different from each other. The combination of three FRT sequences each having 
different substrate specificity from each other include, for instance, the combination of 

25 one wild-type FRT sequence and two mutant FRT sequences; the combination of three 



33 



mutant FRT sequences; and the like. This method will be described by taking one 
example in which three different FRT sequences of a wild-type FRT sequence, a mutant 
FRT sequence 1 and mutant FRT sequence 2 exist in the same DNA. When DNA (a) 
having a wild-type FRT sequence, a gene A, a mutant FRT sequence 1, a gene B and a 
5 mutant FRT sequence 2, in this order, is allowed to react with a circular DNA (b) 

having a wild-type FRT sequence, a gene C and a mutant FRT sequence 1, in the 
presence of FLP recombinase, the gene A in DNA (a) is replaced with the gene C. 
Alternatively, when the DNA (a) is allowed to react with, instead of the circular DNA 
(b), a circular DNA (c) having a mutant FRT sequence 1, a gene D and a mutant FRT 
10 sequence 2, in this order, in the presence of FLP recombinase, the gene B in DNA (a) 

can be replaced with the gene D. In other words, only the target gene can be replaced 
with a given gene among a plurality of genes existing on the DNA (a) by using different 
circular DNAs. 

15 The present invention will be hereinafter described in more detail in reference to 

the following examples. It should be noted, however, that the present invention is not 
limited to these examples and that other modifications can be made in the technical 
field of the present invention. Unless otherwise specified, various manipulations for 
handling phages, plasmids, DNAs, various kinds of enzymes, Escherichia coli, culture 

20 cells and others were carried out according to the methods described in Molecular 
Cloning, A Laboratory Manual, edited by T. Maniatis et ah, 2nd ed., (1989), Cold 
Spring Harbor Laboratory. 

Example 1 

25 <Preparation of Cell Extract Containing FLP Recombinase> 
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(1) Construction of recombinant adenovirus for expressing FLP recombinase 
In order to obtain a plasmid in which the nucleotide sequences around the 
translation initiation codon of FLP recombinase were in accordance with Kozak 
sequence, the following procedures were performed. 
5 (a) Plasmid pUCFLP is a plasmid resulting from insertion of a DNA fragment 

(1457 bp) containing a full-length FLP gene from Sphl site (at position 5568) XoXbal 
site (at position 703) of 2 u DNA [6318 bp; James ct aL, Nature, 286, 860-865 (1980)] 
derived from yeast Saccharomyces cerevisiae into between Sphl and ATjaI sites on 
plasmid pUC19. The pUCFLP was digested with .Yb^al and Sphl lo obtain a fragment of 
10 about 1.5 kb containing a full-length FLP gene. 

(b) A synthetic DNA adapter having the following sequences: 



5'-AG CTT CTG CAG CAG ACC GTG CAT CAT G-3' (SEQ ID NO: 10) 
3'-A GAC GTC GTC TGG CAC GTA-5' (SEQ ID NO: 11) 

15 

wherein 5'-cohesive end can be ligated to/f//2dIII-cleavage site, the other end can be 
ligated to 5p/7l-cleavage site, wherein the adapter has F.yrl-site in the upstream region of 
its translation initiation codon was synthesized. 

Both of DNAs (a) and (b) were inserted between //mdlll and Xbal sites of 
20 pUC19 to give plasmid pUKFLP (4.1 kb). 

A 1.4 kb fragment containing the FPL coding region resulting from digestion of 
pUKFLP with Pstl and Espl and then blunt-ending was inserted at Swal site between 
promoter and poly(A) sequence on cosmid vector pAxCAwt, to give cosmid vector 
pAxCAFLP. 

25 293 cells were transformed with pAxCAFLP and adenovirus DNA-terminal 
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protein complex by calcium phosphate co-precipitation method according to a known 
method [Miyake et al., Proc. Natl Acad. ScL 93, 1320-1324 (1996) and Japanese Patent 
Laid-Open No. Hei 7-298877], to give desired recombinant adenovirus expressing FLP, 
AxCAFLP (El and E3 gene deletions). 

5 

(2) Preparation of Cell Extract Containing FLP Recombinase 

The following procedures were performed for the purpose of obtaining a cell 
extract containing FLP to be used for FLP recombinase-dependent recombination. 293 
cells (cell line derived from human embryo kidney) in a 225 cm" flask were infected 

10 with AxCAFLP (about 1 x lO"^ PFU) at 37''C for 1 hour. A culture medium (5% FCS- 

containing DMEM medium) was added thereto, and the cells were cultured for 
additional 24 hours. After the cultivation, the resulting culture medium was centrifuged 
at 1000 rpm for 5 minutes with a low-speed centrifuge. Thereafter, the resulting 
supernatant was discarded to harvest cells. One milliliter of stock buffer [10% 

15 glycerol/20 mM Tris-HCl (pH 7.5)/300 mM sodium chloride/1 mM EDTA (pH 7.5)] 

was added to the cells to suspend the cells therein. The cells were disrupted in a sealed 
type sonicator at 200 W for 3 minutes (30 seconds x 6) to allow to release FLP 
recombinase existing in the cells. The resulting cell disruption fluid was then 
centrifuged with a high-speed centrifuge at 10000 rpm for 20 minutes. To the resulting 

20 supernatant, PMSF (phenylmethylsulfonyl fluoride) was added, so as to have a final 

concentration of 0.1 mM, and the resulting mixture was then froze and stored at -80°C. 

Example 2 

<Preparation of Substrate DNA Containing Mutant FRT Sequence> 
25 (1) Preparation of Synthetic DNA Containing Mutant FRT Sequence 
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There was prepared a synthetic DNA of 52 bp containing a mutant FRT 
sequence resulting from substitution of the 8-bp spacer region in a wild-type FRT 
sequence with other nucleotides. At the same time, a synthetic DNA of 52 bp 
containing a wild-type FRT sequence was also prepared. The structure of the synthetic 
5 DNA for wild-type FRT sequence is shown in Figure 1, wherein sense strand is 

SEO ID NO: 12, and anti-sense strand is SEQ ID NO: 13, and the sequences of nine 
kinds of synthetic DNAs each containing mutant FRT sequence (sense strand and anti- 
sense strand) and the sequence of the synthetic DNA for wild-type FRT sequence are 
shown in Figure 2. 

10 The sense strand and the anti-sense strand of the wild-type FRT sequence were 

not completely complementary to each other, so that they were designed such that each 
strand was annealed to form a double-stranded DNA, the resulting double-stranded 
DNA had 4-bp are over-hanged at the 5 '-end of each strand, and that each end forms a 
digested fragment with restriction enzymes ^ol and Spel, respectively. Therefore, in 

15 these double-stranded DNAs, an JiTioI-fragment side is capable of binding to Xhol- 

digested fragment and S'a/I-digested fragment, and an 5pel-fragment side is capable of 
binding to 5p^I-digested fragment and AVzel-digested fragment. 

All the single-stranded synthetic DNAs were phospharylated with T4 
polynucleotide kinase at their 5 '-end, and the sense strands and the anti-sense strands 

20 corresponding to the respective mutations were annealed. These double-stranded 

synthetic DNAs will hereinafter be referred to as mutant FRT synthetic DNAs. 



25 



(2) 



Preparation of Substrate DNA Containing Two Wild-type FRT Sequences or 
Two Mutant FRT Sequences Each Having Identical Sequences 
For the purpose of obtaining a substrate DNA having mutant FRT sequences 



37 



each having an identical sequence in both ends of a linear DNA, the following 
procedures were performed: 

Plasmid pBR322 was co-digested with restriction enzymes NJtel and Sail, and 
each of a wild-type FRT synthetic DNA or 9 kinds of mutant FRT synthetic DNAs were 

5 subjected to ligation reaction (the molar ratio of plasmid: synthetic DNA being 1: 20). 

Thereafter, the ligated product was then co-digested with restriction enzymes ^ol and 
Spel. By the digestion of the ligated product with the restriction enzymes, the wild-type 
or mutant FRT synthetic DNAs which were bounded in plurality to both ends of 
pBR322 DNA was removed, so that a linear DNA of about 4.1 kb in which two wild- 

10 type FRT synthetic DNA sequences or two mutant FRT synthetic DNAs having an 

identical sequence to each other were respectively bounded with one by one in each 
other to both ends of pBR322 DNA. Next, these reaction products were subjected to 
electrophoresis on agarose gel, and a DNA band of about 4.1 kb was cut out from the 
gel and then purified by using GEANCLEAN II (manufactured by BIOlOl). 

15 According to the procedures, there were obtained linear DNA fragments in which two 

wild-type FRT sequences or two mutant FRT sequences each having an identical 
sequence to each other were respectively bounded to both ends of pBR322 DNA. 

In order to construct a plasmid in which a DNA fragment derived from 
adenovirus type-5 was bounded to this fragment, the following procedures were carried 

20 out. 

Cosmid vector pAxcw (Japanese Patent Laid-Open No. Hei 8-308585, p.l5) 
resulting from insertion of an almost full-length adenovirus type-5 gene other than El 
and E3 genes was co-digested with restriction enzymes A??al and^ol, and a 3.8 kb 
fragment (at positions 24,796th-28,592nd in adenovirus type-5 nucleotide sequence) 
25 was isolated from the resulting DNA fragments. When this 3.8 kb fragment was ligated 



38 



to a DNA fragment in which FRT synthetic DNA sequences having an identical 
sequence to each other were respectively bounded to both ends of pBR322 DNA 
mentioned above by using ligase, restriction enzyme Spel fragment and Jftal-fragment 
were bound to each other, and consequently circularized. Escherichia coli was 

5 transformed with this DNA, to give plasmid pBxxAxx (7.9 kb. Figure 3) having two 

wild-type FRT sequences or two mutant FRT sequences having an identical sequence to 
each other. The pBxxAxx is a collective term for a plasmid having two FRT sequences 
each having an identical sequence to each other. For instance, when the FRT sequences 
are wild-type FRT, the corresponding plasmid is referred to as pBfwtAfwt; when the 

10 FRT sequences are F3, the corresponding plasmid is referred to as pBF3AF3; and when 

the FRT sequences are f2161, the corresponding plasmid is referred to as 
pBf2161Af2161, 

pBfwtAfwt and 9 kinds of plasmids each containing mutant FRT sequences 
were digested with a restriction enzyme Dral and the resulting fragments obtained were 
15 used as substrate DNA for FLP-dependent DNA recombination as described below. 



Example 3 

<FLP-dependent DNA Recombination Reaction Between Two Mutant FRT Sequences 
Each Having the Identical Sequence to Each Other> 

20 Whether or not FLP-dependent recombination reaction caused between the two 

mutant FRT sequences was studied by the assay described below. The Dra I-digested 
plasmid DNA (1.5 \ig) prepared in Example 2 and the cell extract containing FLP 
(25 ^il) prepared in Example 1 were added to buffer containing 50 mM Tris-HCl 
(pH 7.5)/10 mM MgCl2/5 mM DTT in its final concentration (the volume of reaction 

25 solution: 50^1), and the reaction mixture was incubated at 30°C for 30 minutes. After 
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the termination of the reaction, 200 \xl of sterilized water and 50 [il of 20 mM EDTA 
solution (pH 8.0) were added to the reaction mixture. The reaction mixture w^as 
extracted with phenol/chloroform and with chloroform. The resulting product was 
precipitated with ethanol, to obtain DNA. The resulting DNA was then solubilized in 
5 20 \xl of TE buffer (pH 8.0) containing RNaseA (20 \xg/m\). Next, an entire volume of 

the resultant was digested with restriction enzyme Ncol, and subjected to 
electrophoresis on agarose gel. Thereafter, DNA bands detected by ethidium bromide 
(EtBr) staining were analyzed. 

Since a restriction enzyme A'col site exists in the substrate DNA at only one site, 

10 when the Dral-digested substrate DNA (7.2 kb and 0.7 kb) without causing FLP- 

dependent recombination reaction is digested with restriction enzyme Ncol, three bands, 
5.9 kb, 1.3 kb as well as 0.7 kb bands, are generated. On the other hand, when the 
substrate DNA causes FLP-dependent recombination reaction, a circular DNA of about 
3.8 kb having one mutant FRT and a linear DNA of about 3.4 kb having one mutant 

15 FRT is generated. Therefore, when these DNAs are digested with restriction enzyme 

Ncol, three bands, including the above-mentioned 3.8 kb and 3.4 kb bands as well as 
0.7 kb band, are generated (see Figure 4). Therefore, since 3.8 kb and 3.4 kb bands 
indicate that the FLP-dependent recombination reaction took place, and 5.9 kb and 
1.3 kb bands indicate that the recombination reaction did not take place, the efficiency 

20 of the recombination is found by the ratio in the amounts of these bands. 

In order to numerically express the reaction efficiency, the ratio of the amount of 
a whole DNA of the reaction system to the sum of amount of DNA at 3.8 kb and 3.4 kb 
bands was calculated as the recombination ratio (%) between the two FRT sequences. 

According to the present determination method, the recombination ratio between 

25 two wild-type FRT sequences was 4.8%, and the recombination ratio between the prior 
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art mutant sequences F3 was 3.1%, which was obviously lower than that for the wild- 
type FRT sequences. In contrast, the recombination ratio for f2161 was 4.5%, and the 
recombination ratio for f2262 was 3.8%, both showing higher recombination ratio than 
that for F3. Further, the recombination ratio for f2151 was 2.9%, and the recombination 
5 ratio for f61 was 2.6%, which were slightly lower than that for F3, and each of 

recombination ratio for f2272 and f2273 was 0. Further, the recombination ratio of a 
known sequence f72 was 10.9%, which was twice or higher than that for the wild-type 
FRT sequence. 

It was shown from the above results that the mutant FRT sequences f2161 and 
10 12262 of the present invention was excellent in the recombination efficiency, and those 

of f2151 and f61 had almost the same level of recombination efficiency as compared to 
that for the mutant FRT sequence F3. 



Example 4 

15 <FLP-Dependent DNA Recombination Between Wild-Type FRT Sequence and Mutant 
FRT Sequence> 

(1 ) Construction of plasmid (pBRFRT) containing one wild-type FRT sequence 

In order to construct a plasmid (pBRFRT) resulting from insertion of one wild- 
type FRT sequence into plasmid pBR322, the procedures of the following (a) and (b) 

20 were performed: 

(a) Plasmid pBRwt [Lee, G. et al.. Gene 14, 55-65 (1998)], resulting from 
replacement of a 0.4 kb fragment between the Nhel site and the Eco^l site of plasmid 
pBR322 with a DNA containing a wild-type loxP sequence using ^ol linker, is 
digested with restriction enzyme Xho\. The resulting fragments are ligated to a 

25 synthetic DNA of 52 bp containing a wild-type FRT sequence prepared in item (1) of 
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Example 2. Thereafter, the ligated product is co-digested with restriction enzymes Spel 
and Pstl, to remove the wild-type FRT synthetic sequences which are bound in plurality 
to both ends of pBR322 DNA. Next, the reaction mixture is subjected to 
electrophoresis on agarose gel, and a DNA band of about 3 kb is cut out from the gel, to 
5 give a fragment of about 3.0 kb containing one wild-type FRT sequence. 

(b) Plasmid pBR322 is co-digested with restriction enzymes Pstl and Nhel, and 
the resulting fragments are subjected to electrophoresis on agarose gel. Of two DNA 
bands generated, a fragment of about 1.0 kb is collected. 

Both the DNAs prepared in items (a) and (b) are ligated to each other, to give 
10 plasmid pBRFRT (4.4 kb, Figure 5) resulting from insertion of one wild-type FRT 

sequence between the Nhel site and the EcoNI site of the pBR322. 

(2) Construction of Plasmid Containing Wild-Type FRT Sequence and Mutant FRT 
Sequence, and Preparation of Substrate DNA 

15 Since Sail site is located at a position about 30 bp apart from the wild-type FRT 

sequence on plasmid pBRFRT, the pBRFRT is digested with restriction enzyme Sail to 
he linearized, and each of the synthetic DNAs (9 kinds) of 52 bp containing the mutant 
FRT sequence prepared in item (1) of Example 2 is ligated. By these manipulations, the 
JiTioI-digested fragment side of each mutant FRT synthetic DNA is bound to the Sall- 

20 digested site on pBRFRT. Next, the reaction mixture is subjected to co-digestion with 
restriction enzymes Spell and ATioI, to remove the mutant FRT synthetic DNAs bound 
in plurality to both ends of pBRFRT. Thereafter, unreacted and restriction enzyme- 
digested mutant FRT synthetic DNAs are removed from the reaction mixture by using 
GEANCLEAN II (manufactured by BIOlOl), to give a linear DNA (about 4.1 kb) in 

25 which one wild-type FRT sequence is bounded to one end and in which one mutant 
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FRT sequence is bounded to the other end. 

This fragment and an about 3.8 kb fragment prepared in item (2) of Example 2 
resulting from co-digestion of adenovirus type-5 genome with restriction enzymes Xhol 
andXbal are ligated, to give plasmid pBfwtAxx (7.9 kb, Figure 6). Here, the plasmid 
5 pBfwtAxx is a collective term for a series of plasmids constructed by the above- 

mentioned method, which actually refers to those plasmids each having one mutant 
FRT sequence and one wild-type FRT sequence shown in Figure 2. 

Plasmid pBfwtAxx is digested with restriction enzyme Dral to be used as a 
substrate DNA in FLP-dependent DNA recombination reaction as described below. 

10 

(3) FLP-Dependent DNA Recombination Reaction Between Wild-Type FRT 

Sequence and Mutant FRT Sequence 

The above-mentioned substrate DNA is added to the reaction solution given in 

Example 3 above, and the FLP-dependent recombination reaction is performed at 30°C 
15 for 30 minutes. After the termination of the reaction, DNA is purified, digested with 

restriction enzyme Ncol, and subjected to electrophoresis on agarose gel. DNA bands 

detected by EtBr staining is analyzed. 

Since only one restriction enzyme A^col-site exists in the substrate DNA, when 

Z)/*aI-digested substrate DNA (7.2 kb and 0.7 kb) without causing FLP-dependent 
20 recombination reaction is digested with restriction enzyme Ncol, three bands of 5.9 kb 

fragment, 1.3 kb fragment as well as 0.7 kb fragment are generated. On the other hand, 

when substrate DNA causes FLP-dependent recombination reaction, a circular DNA of 

about 3.8 kb having one FRT sequence and a linear DNA of about 3.4 kb having one 

FRT sequence are generated. Thereafter, when these DNAs are digested with restriction 
25 enzyme Ncol, three bands of 3.8 kb, 3.4 kb as well as 0.7 kb fragments are generated 
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(see Figure 7). Therefore, since 3.8 kb and 3.4 kb bands indicate that the FLP- 
dependent recombination reaction took place, and 5.9 kb and 1.3 kb bands indicate that 
the FLP-dependent recombination reaction did not take place, the recombination 
efficiency is found by the ratio of the amount of these bands. 

5 

Example 5 

<FLP-Dcpendent DNA Recombination Reaction Between Wild-Type FRT Sequence 
and Mutant FRT Sequence> 

(1) Construction of Plasmid Containing Wild-Type FRT Sequence and Mutant FRT 

10 Sequence, and Preparation of Substrate DNA 

Synthetic DNA of 54 bp (SEQ ID NO: 33) containing 34 bp wild-type FRT 
sequence and its complementary strand were inserted into Smal site on plasmid pUC18, 
to give plasmid pUFwF (2.8 kb, "A" in Figure 8) resulting in insertion of two wild-type 
FRT sequences in the same orientation, and having the Swal site between the two wild- 

15 FRT sequences. 

Plasmid pCALNLZ [Y. Kanegae et. al., Gene, 181, 207-212 (1996)] was 
digested withMlul and A7ioI and the fragments were then blunt-ended, to give a 
fragment containing neomycin-resistance gene and SV40 poly(A) sequence. Next, the 
fragment containing neomycin-resistance gene and S V40 poly(A) sequence was 

20 inserted into the Swal site on pUFwF, to give plasmid pUFNF (3.9 kb, "B" in Figure 8). 

A synthetic poly-linker of 27 bp (5 '-AAA TTG AAT TCG AGC TCG GTA 
CCC GGG-3', SEQ ID NO: 34) and its complementary strand were inserted into the 
Swal site on plasmid pCALNLw [Kanegae Y. et aL, Gene, 181, 207-212 (1996)], to 
give plasmid pCALNL5 (6.1 kb, "C" in Figure 8). Next, pUFNF was digested with 

25 BamHl and Aspl IS, and the resulting fragments were then blunt-ended, to give a 
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fragment of about 1.2 kb containing FRT sequence/neomycin-resistance gene/SV40 
poly(A) sequence /FRT sequence. The above-mentioned 1.2 kb fragment and an about 
4.9 kb fragment containing CAG promoter, resulting from digestion of pCALNLS with 
Mlul siud Xhol followed by blunt-ending were ligated, to give plasmid pCAFNFS 
5 (6.1 kb, "D" in Figure 8). The pCAFNFS contains a poly-linker for cDNA insertion 

(Swal'EcoRl-ScahKpnhSmal site) between the wild-type FRT sequence and globin 
poly(A) sequence. 

Plasmid pCAFNFS was digested with Sail and PvmII, and the fragments were 
then blunt-ended. Thereafter, the resulting fragments were subjected to self ligation, to 
10 give plasmid pdNF (4.1 kb, "E" in Figure 8) resulting from removal of [promoter-wild- 

type FRT sequence-a part of neomycin-resistance gene]. 

The plasmid pBxxAxx (xx is either f72, f2161, f2262 or F3) having two mutant 
FRT sequences having an identical sequence to each other prepared in Example 2 was 
co-digested with BspEl and^iartl, to give a 50 bp fragment (a) having a mutant FRT 
15 sequence. On the other hand, plasmid pdNF was co-digested with BspEl and Aatll, to 

give a fragment (b) not containing wild-type FRT sequence. Both of the fragments (a) 
and (h) were ligated, to give plasmid pdNmF (4.1 kb, "F" in Figure 8) resulting from 
substitution of the wild-type FRT sequence of pdNF with a mutant FRT sequence. 

The expression plasmid pEGFP-Cl (4.7 kb, manufactured by CLONTECH) was 
20 inserted with DNA sequence encoding mutant green fluorescent protein (GFP). 

Thereafter, the following synthetic DNA linkers of 18 bp: 
5' -GATCTTACTAGTAGGATC-3' (SEQ ID NO: 35) 

3'-AATGATCATCCTAGAGCT-5' (SEQ ID NO: 36), 

which were designed to have a Bglll site at one end and an Xhol site at the other end as 
25 well as to contain continuous two stop codons in its sequence, were inserted between 
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the BglU site andXhol site in the multi-cloning site present between the 3 '-end of GFP 
gene and poly(A) sequence on plasmid pEGFP-Cl, to give plasmid pEGFP-s. 

Plasmid pEGFP-s was co-digested with^gel and^ol, and the fragments were 
then blunt-ended at its both ends with Klenow enzyme, to give a DNA fragment (a) of 
5 about 0.8 kb containing a full-length GFP gene. In addition, in cosmid vector 

pAxCAwt [Kanegae, Y. et aU Nucleic Acid Res, , 23, 3816-3821 (1995)] containing a 
major part of adenovirus type-5 genome other than adenovirus El and E3 genes, to 
which CAG promoter was inserted at the El gene-deletion site, there exist cloning sites 
in the order of Clal site-Swal site-Cial site between the promoter and poly(A) 

10 sequence. Therefore, pAxCAwt was digested with Swal, and then ligated to the above- 

mentioned DNA fragment (a) of 0.8 kb, to give cosmid vector pAxCAGFP. 

The pAxCAGFP was digested with Sail, and thereafter subjected to self-ligation, 
to give plasmid pxCAGFP (6.1 kb, "G" in Figure 8) resulting from removal of a large 
part of adenovirus DNA (containing the left end of about 0.4 kb). In pxCAGFP, since 

15 Clal sites exist at both ends of GFP gene, pxCAGFP was digested with Clal, and the 

resulting fragment was then blunt-ended at both ends with Klenow enzyme, to give a 
DNA fragment of about 0.8 kb containing a full-length GFP gene. This fragment was 
inserted into the Smal site on the poly-linker on the plasmid pCAFNF5 described above, 
to give plasmid pCAFNFG (6.8 kb, "H" in Figure 8). 

20 Finally, a portion of between C5p45I site and EcoRl site on plasmid pCAFNFG 

was substituted by a portion of between C5p45I site and EcoRl site on plasmid pdNmF, 
to give a finally desired plasmid pGAFNmFG (6.9 kb, "I" in Figure 8). Plasmid 
pCAFNmFG is a collective term for a series of plasmids containing one each of the 
wild-type FRT sequence and the mutant FRT sequence. The above-mentioned 

25 pCAFNmFGS actually contain either one of mutant FRT sequences (mF) of f72, f2161. 
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f2262 or F3. 

These plasmids pCAFNmFGs or a plasmid pCAFNFG containing two wild-type 
FRT sequences were digested with restriction enzyme ////zdlll, to form linear DNAs 
which were then used as substrate DNA for FLP-dependent recombination. 

5 

(2) FLP-Dependent DNA Recombination Between Wild-Type FRT Sequence and 
Mutant FRT Sequence 

One microgram of the above-mentioned substrate DNA and 25 ^il of cell extract 
containing FLP prepared in Example 1 were added to a buffer containing 50 mM Tris- 

10 HCl (pH 7.5)/10 mM MgClz/'S mM DTT in a final concentration (volume of reaction 

mixture: 50 ^il), and the reaction mixture was incubated at 30°C for 30 minutes. After 
the termination of the reaction, 200 \i\ of sterilized water and 50 \xl of 20 mM EDTA 
solution (pH 8.0) were added to the reaction solution, and the reaction mixture was 
extracted with phenol/chloroform and with chloroform. The resulting product was 

15 precipitated with ethanol. The resulting DNA was solubilized in 20 ^1 of TE buffer 

(pH 8.0) containing RNaseA (20 [xg/ml). Next, the entire volume of the resulting 
product was digested with restriction enzyme FspL and the resulting fragment was 
subjected to electrophoresis on agarose gel. DNA bands detected by ethidium bromide 
(EtBr) staining were analyzed. 

20 In the //mdlll-digested substrate DNA, there exist two restriction enzyme Fspl 

sites. In the case where the FLP-dependent recombination reaction does not take place, 
when the substrate DNA is digested by restriction enzyme Fspl, three bands of 2.8 kb, 
2.4 kb, and 1.8 kb are generated. On the other hand, in the case where the FLP- 
dependent recombination reaction is caused by the substrate DNA, a linear DNA of 

25 about 5.7 kb and a circular DNA of about 1.2 kb are generated, so that when these 
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DNAs are digested with restriction enzyme Fspl, three bands of 3.9 kb, 1.2 kb and 
1.8 kb are generated (Figure 9). Therefore, since the bands of 3.9 kb and 1.2 kb 
indicate that the FLP-dependent recombination reaction took place, and 2.8 kb and 
2.4 kb bands indicate that the FLP-dependent recombination reaction did not take place, 
5 the recombination efficiency is found by the ratio of the amount of these bands. 

Therefore, in order to numerically express the reaction efficiency, the ratio of the 
amount of 3.9 kb band to a whole DNA after reaction was calculated as the 
recombination ratio (unit: %) between two FRT sequences. 

When the recombination ratio between two wild-type FRT sequences was 
10 obtained using the present determination method, the recombination ratio was about 

28%, On the other hand, in the recombination ratio between the wild-type FRT 
sequence and the mutant FRT sequence, the determined recombination ratio for all the 
mutant FRT sequences (f2161, f2262, f72 and F3) was below the detection limit (below 
0.2%). 

15 It was clarified from the results of the present Example as well as Example 3 

that the mutant FRT sequences f2161 and f2262 of the present invention causes the 
recombination efficiently between mutant FRT sequences having an identical sequence 
to each other, but causes no recombination reaction with the wild-type FRT sequence. 



20 SEQUENCE FREE TEXT 

SEO ID NO: 10 is a sequence for synthesized DNA adaptor. 
SEQ ID NO: 11 is a sequence for synthesized DNA adaptor. 
SEQ ID NO: 12 is an oligonucleotide sequence designed based on wild-type 
FRT sequence. 

25 SEQ ID NO: 13 is an oligonucleotide sequence designed based on wild-type 
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FRT sequence. 

SEQ ID NO: 14 is an oligonucleotide sequence designed based on mutant FRT 
sequence. 

SEQ ID NO: 15 is an oligonucleotide sequence designed based on mutant FRT 
5 sequence. 

SEQ ID NO: 16 is an oligonucleotide sequence designed based on mutant FRT 
sequence. 

SEQ ID NO: 17 is an oligonucleotide sequence designed based on mutant FRT 
sequence. 

10 SEQ ID NO: 18 is an oligonucleotide sequence designed based on mutant FRT 

sequence. 

SEQ ID NO: 19 is an oligonucleotide sequence designed based on mutant FRT 
sequence. 

SEQ ID NO: 20 is an oligonucleotide sequence designed based on mutant FRT 
15 sequence. 

SEQ ID NO: 21 is an oligonucleotide sequence designed based on mutant FRT 

sequence. 

SEQ ID NO: 22 is an oligonucleotide sequence designed based on mutant FRT 
sequence. 

20 SEQ ID NO: 24 is an oligonucleotide sequence designed based on mutant FRT 

sequence. 

SEQ ID NO: 25 is an oligonucleotide sequence designed based on mutant FRT 
sequence. 

SEQ ID NO: 26 is an oligonucleotide sequence designed based on mutant FRT 
25 sequence. 
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SEQ ID NO: 27 is an oligonucleotide sequence designed based on mutant FRT 
sequence. 

SEQ ID NO: 28 is an oligonucleotide sequence designed based on mutant FRT 
sequence. 

5 SEQ ID NO: 29 is an oligonucleotide sequence designed based on mutant FRT 

sequence. 

SEQ ID NO: 30 is an oligonucleotide sequence designed based on mutant FRT 
sequence. 

SEQ ID NO: 31 is an oligonucleotide sequence designed based on mutant FRT 
10 sequence. 

SEQ ID NO: 32 is an oligonucleotide sequence designed based on mutant FRT 
sequence. 

SEQ ID NO: 33 is an oligonucleotide sequence designed based on FLP 
recognition sequence. 

15 SEQ ID NO: 34 is an oligonucleotide sequence designed based on recognition 

sequences of Swal, EcoRl, Seal, Kpnl and Smal in this order . 

SEO ID NO: 35 is an oligonucleotide sequence designed based on sequence 
encoding 5g/II recognition sequence, two stop codons, and ATioI recognition sequence. 
SEQ ID NO: 36 is an oligonucleotide sequence designed based on sequence 
20 encoding BglW recognition sequence, two stop codons, and ATzoI recognition sequence. 



INDUSTRIAL APPLICABILITY 

The DNA comprising a mutant FRT sequence of the present invention exhibits 
excellent properties of causing recombination reaction between two mutant FRT 
25 sequences each having an identical sequence to each other in the presence of FLP 
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recombinase but causing no recombination reaction with the wild-type FRT sequence. 
Therefore, there is exhibited an excellent effect that a highly efficient method for a gene 
replacement can be performed. Further, there is provided a highly efficient method for 
a gene replacement in higher eucaryote cell such as animal cells by combining a wild- 
type FRT sequence with a mutant FRT sequence, or combining mutant FRT sequences 
of different sequences using the DNA of the present invention. 



